Background: Atresia coli is an intestinal anomaly. Generally, absence of defecation in calves less than 10 days old, diminishing appetite, progressing abdominal distention and time-developing depression are reported in atresia coli. Although a calf consumes its milk normally in first days, loss of appetite develops over time. Occasional minor pain indications are observed. The objective of this study was to evaluate of hematologic, blood gases, cardiac biomarkers and serum biochemical parameters before operation in calves with atresia coli, and to investigate relationship with prognosis of these parameters. Materials, Methods & Results: Thirty calves with atresia coli and 6 healthy calves for control were used as material. Poor suction reflex, anorexia, dehydration, abdomen-kicking, frequent leg movement, abdominal distension and depression were observed in calves brought to the clinic. Some calves presented swashing sound depending on content of intestines when abdomen was shaken. Intestine atresia was diagnosed by history and clinical examination. After clinical examination, operation was performed. All calves were observed during 10 days after operation. Fifteen of 30 calves died during 10 days after operation. The blood lactate, WBC, LDH and CK-MB levels in non-surviving calves with atresia coli were significantly higher compared to control calves. The venous blood pH level was significantly lower in non-surviving calves compared to surviving calves. In addition, when compared to the control group, the blood pCO 2 level was significantly higher in non-surviving and surviving calves with atresia coli while the pO 2 and O 2 saturation levels were significantly lower. Discussion: In calves with intestinal atresia, hematologic parameters are normal in first 48 h of disease. However, leukocytosis and shift to the left have been reported over time. However, leukocytosis due to peritonitis, bacterial overgrowth, etc. have been reported over time. It was seen that leukocyte numbers of non-surviving calves with atresia coli in this study were significantly higher, but leucocyte increase in surviving calves was seen to be statistically insignificant. Leukocyte increased in non-surviving calves with atresia may be associated with excessive bacterial reproduction and peritonitis. Blood lactate level is a commonly used marker for severity of disease in humans and lactate has a prognostic value in adult horses with colic and foals with critical disease. In this study, lactate level in non-surviving calves with atresia coli was significantly higher with respect to surviving calves and control calves. In this result, lactate can be evaluated as a prognostic indicator in calves with atresia coli. Creatine kinase-MB fraction and troponins are used in determination of cardiac damage in veterinary medicine. The fact that serum blood cTnI and CK-MB levels of non-surviving calves with intestinal atresia in this study were higher than surviving calves with atresia coli and control calves suggested that endotoxemia related cardiac damage may have developed. Surgical operation is necessary in the treatment of intestinal atresia. It was determined that the importance of calves age and colon integrity during time of surgical operation in survival of calves with atresia coli. The studies showed that survival rate in surgical operation conducted on calves under 3 days old was higher than calves over 5 day-old. Average of age of non-surviving calves with atresia coli in this study (4.67 ± 1.23 days) was higher than average of age of surviving calves with atresia coli (3.27 ± 0.51 days). It was also observed in our study that elapsed time affected prognosis of calves negatively. Thus, performing surgical operations as soon as possible may raise survival rate of calves with intestinal atresia as stated in previous studies.
INTRODUCTION
Intestinal atresia is defined as the atresia of various segments of intestinal in calves. Intestinal atresia can be seen in anus and/or rectum, jejunum, colon and ileum. Atresia ani and atresia coli are most commonly seen form of atresia. The reason of atresia coli is not known clearly. However, genetic and iatrogenic reasons are suggested [1, 7, 12] . Atresic colon structure is an important congenital abnormality. These abnormalities are classified as membrane atresia (type I), cord atresia (type II), blind-end atresia (type III), loop-type blind atresia (type IV), multiple atresia (type V), atresia ani et recti (type VI) [7] .
Complete blood count may be used for suggestion about certain disease processes and detection of prognosis in case physical examination results are uncertain [14] . Blood gas analysis may be helpful in evaluation of underlying disease processes and severity of disease. Moreover, blood gas analyses may also guide emergency interventions (such as IV fluid administrations, oxygen therapy, electrolyte supplement, positive ventilation) [13] . Cardiac biomarkers are commonly used in humans and animals for detection of cardiac damage [25, 27] . Cardiac biomarkers (cTn-I, CK-MB) are stated to be used in calves for detection of cardiac damage [2, 9] .
The aim of the study was to determine hematologic, blood gas, cardiac biomarkers and serum biochemical parameters in calves with atresia coli and theirs relationship with prognosis.
MATERIALS AND METHODS

Animals
This study was conducted with 1-10 day-old 30 calves with atresia coli (23 male, 5 female, 2 with no records) brought to Large Animal Clinic of Faculty of Veterinary Medicine of Selcuk University and 1-10 day-old 6 healthy calves of Holstein breed for control. Majority of calves with atresia coli were from Holstein race (28 Holstein, 1 Brown Swiss, 1 with no records). In anamnesis, owners of calves indicated that consumption of colostrum and milk by calves, no meconium or defecation, occasional abdominal distension, pain findings and mucus coming from rectum were observed.
Clinical findings
Poor suction reflex, anorexia, dehydration, abdomen-kicking, frequent leg movement, abdominal distension and depression were observed in calves brought to the clinic. Some calves presented swashing sound depending on content of intestines when abdomen was shaken. According to anamnesis and clinical findings, calves with intestinal atresia diagnosis were operated. All calves were followed for 10 days after operation.
Blood collection and blood analyses
Blood samples were drawn from V. Jugularis of calves with 2 mL of blood to heparinized injectors for blood gas analyses, 2 mL of blood to K3 EDTA tubes for hematological analyses and to 5 mL gel polyethylene tubes without anticoagulants for biochemical analyses. Blood gas analysis of the calves (pH, pO 2 , pCO 2 , glucose, Na+, K+, iCa+2, lactate, HCO 3-, BE and O 2 sat levels) were measured in blood gas analyzer (GEM Premier Plus) 1 within 15 min. WBC, RBC, HCT, Hg, PLT levels of the calves were determined with hematologic analyzer (MS4 VET) 2 within 30 min. The tubes without anticoagulant were incubated for 30 min in the room temperature, then centrifuged for 5 min at 2500 g and serum samples were removed and stored at -20°C until analyzed. Serum aspartate aminotransferase (AST), lactate dehydrogenase (LDH), blood urea nitrogen (BUN), total protein (TP), albumin (ALB), creatinine (CR), creatine kinase (CK), creatine kinase-myocardial band (CK-MB) concentrations were determined using auto analyzer (BT 3000 plus) 3 with commercial kits, and cardiac troponin I (cTn-I) levels were determined using a chemiluminescent immunoassay (Siemens Advia Centaur XP) 4 .
Statistical analysis
Data were expressed as mean ± SE. The level of statistical significance was set at P < 0.05. ANOVA and Tukey multiple range tests were used to determine the difference between the groups. The SPSS software program (Version 15.0) 5 was used for statistical analysis.
RESULTS
Fifteen of 30 calves died during 10 days after operation. The venous blood pH level was significantly lower (P < 0.05) in non-surviving calves compared to surviving calves. In addition, when compared to the control group, the blood pCO 2 level was significantly higher in surviving and non-surviving calves with atresia while the pO 2 and sO 2 levels were significantly lower. The mean age of non-surviving calves was 4.67 days. However, the mean age of surviving calves was 3.27 days. The blood lactate, WBC, LDH and CK-MB levels in non-surviving calves with intestinal atresia were significantly higher (P < 0.05) compared to control calves (Tables 1 & 2) .
DISCUSSION
Atresia coli is an intestinal anomaly that results in death when untreated. Death can occur within a few days due to autointoxication in the intestine [21] . Atresia coli is reported to be common in dairy calves, particularly in calves of Holstein breed [17] . Vital findings in calves with atresia coli are normal during first days of life; however, findings such as loss of appetite, depression, abdominal distension develop over time. In some cases, intense mucus coming from rectum may be seen. After 5-6 days, calves are weak (depressive) and in lying position. Rupture in intestines and acute diffuse peritonitis may be occur [21] . In this study, the fact that the calves are of Holstein breed, there is no defecation, abdominal distension and pain indications are seen shows similarity with previous studies [17, 21] .
In calves with intestinal atresia, hematologic parameters are normal in first 48 hours of disease. It is indicated that excessive bacterial reproduction, fluid accumulation, endotoxemia, peritonitis and dehydration depending on necrosis in intestines, leukocytosis and degenerative left shift can develop as time advances [1, 21] . It was seen that leukocyte numbers of non--surviving calves with atresia coli in this study were significantly higher (P < 0.05), but leukocyte increase in surviving calves was seen to be statistically insignificant (Table 1) . Leukocyte increased in non-surviving calves with atresia may be associated with excessive bacterial reproduction, peritonitis and endotoxemia.
Body temperatures, respiration and circulation values of calves with intestinal atresia are reported to be physiological at the beginning, and it is reported that hypercapnia and tachycardia depending on developing abdominal tension and endotoxemic shock may occur [5, 17, 23] . Koc et al. [17] determined disruption in tissue perfusion depending on atresia and peritonitis in calves with intestinal atresia, and decrease in venous blood pO 2 and O 2 saturation as a result of insufficiency in O 2 distribution. Moreover, it is expressed that mild metabolic acidosis and dehydration may develop in calves with atresia coli [6, 17, 23] . Similarly, blood pCO 2 level was significantly higher in calves with atresia coli compared to control group in this study; however, pH, pO 2 and O 2 saturation levels were low (Table 1) . It was evaluated to be associated with respiratory acidosis and endotoxemia severity developed in non-surviving calves with atresia coli.
Blood lactate level is a commonly used marker for severity of disease in humans and lactate has a prognostic value in adult horses with colic and foals with critical disease [24] . L-lactic acidosis is thought to result from anaerobic glycolysis due to dehydration or endotoxemia-dependent poor tissue perfusion and reduced clearance of L-lactate from liver [10, 19, 24] . D-lactate is of microbial origin [4] and is not produced in mammalian cells. D-lactic acidosis results from fermentation of lactose in intestines (especially in large intestines) [19] . Increased blood lactate level has been found to be associated with morbidity and mortality [3] . In addition, hyperlactatemia observed in admission to intensive care unit has been associated with high mortality in children [11] . In this study, lactate level in non-surviving calves with atresia coli was significantly higher (P < 0.05) with respect to surviving calves and control calves. The fact that hematocrit and total protein concentrations of calves with atresia are normal has been associated with bacterial overgrowth in intestines and/or endotoxemia, not dehydration, as the source of hyperlactatemia. In this result, lactate can be evaluated as a prognostic indicator in calves with atresia coli.
Muscle damage and necrosis cause an obvious increase in LDH, AST and CK activity [22] . Serum AST activity shows extended tissue variation, however it is most commonly present in liver and muscle tissue. In this study presented, the fact that serum LDH, AST and CK enzyme activities in calves with atresia show increase compared to control group may be resulted from intestine damages in the region with atresia. It was thought that increase in levels of these enzymes was a useful parameter in decision of operation for calves with atresia coli.
In recent years, creatine kinase-MB fraction (CK-MB) and troponins are used in determination of cardiac damage in veterinary medicine [16] . Cardiac damage in cattle's are detected with increased cardiac troponin levels in various diseases including monensin toxicity [26] , traumatic reticulopericarditis [8, 18] , foot--and-mouth disease [9, 15] and endotoxemia [20] . The fact that serum blood cTnI and CK-MB levels of non--surviving calves with intestinal atresia in this study were higher (Table 2 ) than surviving calves with atresia coli and control calves suggested that endotoxemia related cardiac damage may have developed. Surgical operation is necessary in the treatment of intestinal atresia. It was determined that the importance of calves age and colon integrity during time of surgical operation in survival of calves with atresia coli. The studies showed that survival rate in surgical operation conducted on calves under 3 days old was higher than calves over 5 days old [1] . Average of age of non-surviving calves with atresia coli in this study (4.67 ± 1.23 days) was higher than average of age of surviving calves with atresia coli (3.27 ± 0.51 days). It was also observed in our study that elapsed time affected prognosis of calves negatively. Thus, performing surgical operations as soon as possible may raise survival rate of calves with intestinal atresia as stated in previous studies.
CONCLUSIONS
In conclusion, important changes were observed in blood gas, hematologic, biochemical and cardiac parameters in calves with atresia coli. Also, according to results of this study, it was concluded that co-evaluation of age of calf, blood lactate and WBC levels and CK-MB and LDH enzyme concentrations in decision of operation for calves with atresia coli would be beneficial. Declaration of interest. The authors report no conflicts of interest. The authors alone are responsible for the content and writing of the paper.
